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1. Introduction
Wide band gap, high breakdown ﬁeld, high thermal con-
ductivity and low thermal expansion make silicon carbide
a very interesting material for high-temperature and high-
frequency electronics (e.g., [1, 2]). Selected material pa-
rameters of silicon and two hexagonal polytypes of silicon
carbide are shown in Table 1.
Table 1
Comparison of basic parameters of silicon,
4H-SiC and 6H-SiC [1, 2]
Parameters 4H-SiC 6H-SiC Si
Eg(300 K) [eV] 3.23 2.90 1.12
ni(300 K) [cm
−3
] 1.5 ·10−8 2.1 ·10−5 1010
Ecrit(300 K) [V/cm] 2.2 ·106 2.5 ·106 0.25 ·106
εS 9.66 9.66 11.7
µnmax ⊥ [cm2/Vs] 947 415 1400
µpmax ⊥ [cm2/Vs] 124 99 450
VSAT [cm/s] 2.1 ·107 2 ·107 107
Figure 1 shows the inﬂuence of temperature on intrinsic
concentration of 4H-SiC and 6H-SiC materials, associated
with the temperature-induced band gap narrowing. In the
case of 4H-SiC the intrinsic concentration is only one or-
der of magnitude higher at the temperature of 900 K than
the intrinsic concentration of silicon at room temperature.
That proves very signiﬁcant, theoretical suitability of sil-
icon carbide as a material for high temperature applica-
tions. Moreover SiC is the only wide band-gap semicon-
ductor with native insulator – SiO2. Figure 2 presents band
Fig. 1. Simulated inﬂuence of the temperature on intrinsic con-
centration of 4H-SiC and 6H-SiC – temperature-induced band gap
narrowing phenomenon taken into account.
Fig. 2. Band oﬀset of 4H- and 6H-SiC in comparison to silicon
dioxide [3].
oﬀsets of 4H-SiC and 6H-SiC compared to silicon [3]. That
makes silicon carbide a promising choice for MOSFET de-
vices.
2. Calculations
In order to obtain accurate calculation results, a variety
of physical models with ﬁtting material parameters were
implemented in the semiconductor device simulation envi-
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ronments: Silvaco Atlas [4] and Crosslight Apsys [5]. The
theoretical I-V output and transfer characteristics of 4H-
SiC and 6H-SiC NMOSFETs were calculated. Moreover,
the inﬂuence of the temperature on output characteristics
was simulated.
3. Physical model summary
The following models were amongst the most important
used:
1) carrier mobility:
– low electric ﬁeld – Caughey-Thomas formula,
– high electric ﬁeld – FLDMOB model [6];
2) carriers ionization eﬀects:
– incomplete ionization [7],
– impact ionization – Selberherr model [8];
3) generation-recombination phenomenon:
– Auger recombination [9],
– SRH recombination [10];
4) band gap narrowing:
– temperature dependence – analytical formula,
– doping inﬂuence – Slotboom model [11].
In all simulations anisotropy of silicon carbide electrical
parameters was neglected. It was assumed that the domi-
nant direction of carrier ﬂow is oriented along the transistor
channel.
4. Results
Figures 3 and 4 show output and transfer characteristics of
4H-SiC and 6H-SiC NMOS transistor (NB = 2 ·1017 cm−3,
tox = 10 nm, Lch = 1 µm, Dit = 1011 cm−2), respectively.
Fig. 3. Simulated output characteristics of 4H-SiC and 6H-SiC
NMOSFETs.
Fig. 4. Simulated transfer characteristics of 4H-SiC and 6H-SiC
NMOSFETs.
Fig. 5. Simulated inﬂuence of temperature on 4H-SiC NMOS-
FET output characteristics.
The characteristics were calculated using both simula-
tors. The inﬂuence of temperature on output characteristics
of 4H-SiC NMOSFET is presented in Fig. 5.
5. Discussion and conclusions
Presented results obtained with Silvaco Atlas and Crosslight
Apsys show noticeable diﬀerence in drain current values.
In the case of I-V output characteristics, drain current cal-
culated with Apsys is, on the average, 7 to 9% higher, while
transfer characteristics exhibit 8 to 11% drain current diﬀer-
ence in favor of Apsys. Moreover, simulated drain current
at elevated temperatures displays 8 to 18% diﬀerence.
Both device simulators – Silvaco Atlas and Crosslight Ap-
sys use the same computational approach: Poisson’s equa-
tion and electron/hole continuity equations are solved in
a coupled manner.
The diﬀerences in drain currents obtained with both envi-
ronments might be caused by the mesh discretization tactics
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and distinct numerical methods, as well. Possible overes-
timation of MOSFETs drain current might also be a con-
sequence of the omission of anisotropy in the calculations
carried out.
The paper introduces band gap narrowing models (which
are generally neglected) to the simulation of silicon carbide
devices. The proposed modiﬁcation is based on Slotboom
(doping inﬂuence) and analytical (temperature inﬂuence)
models with appropriate parameters, well known for sil-
icon. Signiﬁcant inﬂuence of temperature-induced band
gap narrowing on carrier concentration at elevated tem-
peratures is commonly overlooked. Eventually, it leads to
overestimation of SiC device applicability in extremely high
temperatures.
Obtaining of reliable simulation results is diﬃcult by sig-
niﬁcant diﬀerences in the values of silicon carbide material
parameters reported in various papers. Further studies are
needed.
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